This paper presents a simplified model and method for finding the deflection characteristics of stacked cardboard boxes, provided the load-deflection characteristic of the box is known. A computer program, based on this model, allows the stability of stacked boxes to be investigated and to indicate the limits to the height of the stack and box parameters required to prevent stack toppling.
INTRODUCTION ORREGATED CARDBOARD BOXES OR CARTONS ARE USED AS SHIPPING
Ccontainers and protective covers for a wide variety of products. In order to provide sufficient strength for stacking, the boxes often consist of a composite structure, as shown in Figure 1 . Four vertical wood corner posts, glued to cardboard strips, are inserted at the corners of the carton. These L-shaped wood strips take the major portion of the stacking load and are stabilized by the cardboard strips and the carton walls [1] . The Adding a third box, atop the second, produces loads and deflections in the corner posts of the second box, as well as additional loads and deflections of the posts of the first or bottom box.
The loads and reactions on a typical box are shown in Figure 2 . The loads, which are applied to the upper surface of the box, result from the reactions of the corner posts of the box directly above and also from the weight of the box directly above. A plan view of the box is shown in Figure 3 .
The reaction R3 is found by taking the sum of the moments about the lower 1-2 box edge.
The reaction Rz is found by taking the sum of the moments about the lower 1-3 box edge
The reaction R, is found from the sum of the vertical forces, The reaction of the fourth corner post, ~4, must be found using the following iterative process: (a) assume a value for R4; solve for R,, /?2, and R3 using the eqns. (1) , and (2) The organization of the program can be outlined using a simple example. Suppose that a stack totaling 4 boxes is to be examined. First calculations are made for a two-box stack until convergence of the post reaction load and also the deflection of the upper edge of the second box is reached. Then another box is added, producing a three-box stack. Again the reactions of the corners of the second box and the first box are found, and the deflection of the upper edge of the third box is determined. Finally the fourth box is added to the stack, the calculations are repeated to determine the reactions on the posts of the third, second and first boxes and the deflection of the upper edge of the fourth box is found. The topple condition is reached whenever the center of gravity of the topmost box falls outside the base of the bottom box.
RESULTS AND DISCUSSION
Computer runs were made using the data sets shown in Table 1 Figure 4 . The stiffness or spring constant of the linear characteristic was 3200 lbf/in. For the nonlinear characteristic the load was assumed to be proportional to the square of the deflection and was adjusted such that the lateral deflection of the upper edge of the top box was equal to that produced by the linear characteristic using the nominal data set with the c.g. 4 inches from the edge of the box.
Additional runs were made to determine the limits of allowable c.g. location before toppling occurred, using the nominal condition and c.g. heights of 0, 15, and 30 in. and using the linear force-deflection characteristic.
Results for the data sets of Table 1 
